The benefits shown by the recent introduction of PCR for the in vitro diagnosis of hepatitis C virus (HCV) infection has prompted the development of standardized, ready-to-use assays that can be implemented in routine clinical laboratories. We have evaluated the clinical performance of COBAS AMPLICOR HCV (COBAS), the first instrument system that allows the automation of HCV RNA amplification and detection, to determine its performance in the routine laboratory setting. More than 2,000 specimens collected at five centers were analyzed in parallel by the COBAS and the manual AMPLICOR HCV (AMPLICOR) tests, and the results were compared with the results for biochemical and serological markers of HCV. In this study the two PCR systems showed the same accuracy, with a concordance rate of 99.8%. As expected, the correlation between serology and PCR was not absolute because the presence of anti-HCV antibodies may be associated with a latent or past infection. On the other hand, if the presence of confirmed anti-HCV antibodies and elevated alanine aminotransferase levels are taken as the "gold standard," indicating an active, ongoing infection, the COBAS and AMPLICOR tests show high and comparable sensitivities (100%) and specificities (98%), with positive and negative predictive values of 100 and 97%, respectively. During the study no falsepositive reactions were detected. The use of an internal control allowed the identification of inhibitory substances that prevented amplification for 0.3 and 0.4% of samples tested by the COBAS and AMPLICOR tests, respectively. Compared to the manual system, the COBAS system allowed a significant reduction of hands-on time and could improve the overall laboratory work flow. In conclusion, these results support the use of the COBAS and AMPLICOR tests for the molecular diagnosis of active HCV infections.
The lack of virus isolation techniques and antigen detection assays has made nucleic acid-based amplification the method of choice for the direct identification of hepatitis C virus (HCV). Indeed, by PCR it is possible to assess the status of the infection, to detect viral replication in seropositive patients, and to diagnose the infection in immunocompromised patients and during the window that precedes seroconversion (2, 3, 15, 18, 21) .
The implementation of PCR in routine diagnostic laboratories, however, requires a level of standardization that was not originally provided by in-house methods. Additionally, by inhouse methods the occurrence of false-positive results due to amplified product contamination is not always preventable and false-negative results due to inhibition are not always easily detectable (5, 17, 19, 20, 24) . Also, the hands-on time required by a manual in-house assay for reagent preparation as well as the testing of samples from patients limits its utility in the routine diagnostic laboratory. To address these technical concerns, a dedicated instrument, the COBAS AMPLICOR HCV (COBAS) analyzer, that automates amplification and detection has recently been introduced (6, 10) . The system provides amplification and detection with standardized, readyto-use reagents based on the reagents formerly developed for the corresponding AMPLICOR HCV manual format (AMPLICOR). The amplification reagents include the enzyme uracil-N-glycosylase (AmpErase) for the prevention of carryover contamination (12, 22) and an internal control (IC) for the identification of processed specimens containing substances that may interfere with amplification (16) . The closed system provides additional protection against carryover contamination. In the present study we evaluated the performance of the COBAS test with a collection of more than 2,000 clinical specimens and compared it with that of the corresponding manual AMPLICOR test and the results for other serological and biochemical parameters.
MATERIALS AND METHODS
We analyzed 2,292 consecutive serum specimens collected and separately tested at five centers. The five centers provided results for 484, 655, 495, 498, and 160 serum specimens, respectively. Serum was separated from whole blood and was immediately stored at Ϫ80°C in several aliquots to preserve the integrity of the HCV RNA.
Serology. All specimens were tested for the presence of anti-HCV antibodies by enzyme-linked immunosorbent assay (ELISA; Abbott Diagnostics, North Chicago, Ill.; Ortho Diagnostic Systems, Raritan, N.J.) and at most centers by RIBA (Chiron Corp., Emeryville, Calif.). This confirmatory assay was performed with 2,056 (89%) samples. In addition, biochemical markers of liver inflammation and necrosis including aspartate aminotransferase and alanine aminotransferase (ALT) levels were evaluated.
PCR analysis. Serum specimens were analyzed by the COBAS test (Roche Diagnostic Systems, Somerville, N.J.) by following the manufacturer's instruc-tions. Briefly, 100 l of serum was incubated with a lysis buffer, and the RNA was then precipitated with isopropanol by centrifugation, washed once with ethanol, and resuspended in 1 ml of specimen diluent. An IC RNA was also introduced into the specimen with the diluent and served as an amplification control for each individually processed specimen. The HCV IC consists of a synthetic RNA transcript with primer binding regions identical to those of the HCV target sequence, a randomized internal sequence with a length and a base composition similar to those of the HCV target sequence, and a unique probe binding region that differentiates the IC from the target amplicon.
Each specimen or control was amplified in the thermal cycler section of the COBAS analyzer with primers KY78 (biotinylated) and KY80, which identify a 244-bp sequence of the highly conserved 5Ј untranslated region of the HCV genome.
After amplification, the analyzer automatically denatured the double-stranded, biotinylated amplified products and captured them with a suspension of magnetic particles coated with an oligonucleotide probe specific for HCV (or IC). The unbound material was washed away, and the biotinylated amplicon was detected with an avidin-horseradish peroxidase conjugate-tetramethylbenzidine-H 2 O 2 colorometric reaction. The absorbance (660 nm) of each sample was recorded and was compared with a predefined cutoff value to determine positive or negative results for both HCV and IC.
An aliquot of each specimen was tested in parallel by the AMPLICOR assay (Roche Diagnostic Systems) as described in the manufacturer's instructions.
The results of the PCR assay as well as all other clinical, serological, and biochemical data were collected and analyzed. Discrepancies between PCR, both automated and manual, and between PCR and serology were resolved by repeat testing of frozen aliquots. Repeat testing was also done with specimens with no IC signal or a low IC signal to ascertain the presence of substances inhibitory to the PCR. At two of the participating centers a workload analysis was carried out by the method of the College of American Pathologists (4). To determine core timing values, data were collected for the following steps of the procedure: (i) initial handling of the specimen, (ii) specimen testing, (iii) daily and periodic activities, and (iv) recording of test data from the instrument. Individual times for each step were summed, and "hands-off" times were also calculated to give the total time from the initiation of the test to retrieval of the final test result.
RESULTS
The 2,292 consecutive specimens obtained from patients at risk of HCV infection were simultaneously analyzed by the COBAS and the AMPLICOR tests. The concordance between the two systems was 98%, but it rose to 99.8% after repeat testing (Fig. 1) . Discrepant results were observed for 4 (0.2%) of all samples.
Samples presenting negative IC values due to the presence of inhibitory substances that prevented amplification of the IC were resolved by retesting another aliquot of the specimen. After resolution of the results, invalid results were obtained for 0.3 and 0.4% of all specimens analyzed by the COBAS and AMPLICOR tests, respectively. The values obtained prior to repeat testing were 3 and 2% for the COBAS and AMPLICOR tests, respectively.
When compared to the patients' serological status, as assessed by anti-HCV ELISA and RIBA, the results of PCR showed an overall concordance rate of 84% (Fig. 2) .
To better define the relationship between serological and molecular data for our patients, we compared the results obtained with the COBAS and AMPLICOR tests with those of ALT level and RIBA determinations. The combination of the latter two parameters served to identify active HCV infection. By this approach the concordance rate increased to 98% ( ues were 100 and 98%, respectively, for the COBAS test and 100 and 97%, respectively, for the AMPLICOR test.
The turnaround time for the complete COBAS test including specimen preparation and the amplification and detection of HCV and IC was 5 h for a batch of 20 specimens. The operator was required to be present for less than 2 h to perform manual steps that included sample and reagent preparation and loading of the amplification tubes in the thermal cyclers and in the detection racks. The overall workload time was about 5 min/specimen, compared to 7 min/specimen for the manual test. By using the parallel-run feature of the instrument, the throughput can be increased to three to four runs per day, including an unattended overnight run.
DISCUSSION
HCV infection is a typical example of a disease in which direct detection of the virus is essential for a correct diagnosis. In contrast to the other available in vitro assays, PCR has the potential for high diagnostic value because it offers a definitive identification of HCV. However, the poor reproducibility of in-house-developed assays, shown in previous studies, has indicated the need for standardized and more accurate procedures (5, 24) . The recent introduction of an automated instrument for the amplification and detection of HCV RNA has prompted us to evaluate its performance with a large collection of clinical specimens obtained from different institutions. The results of this study have shown that the COBAS test has the same performance as the established manual AMPLICOR test because only 0.2% of all results remained discordant after repeat testing. Initial discrepancies were due mostly to invalid results caused by low values for the IC.
The COBAS and AMPLICOR tests also showed the same sensitivities and specificities compared to those of serology and clinical diagnosis, which were taken as the gold standards. We used clinical diagnosis because serology alone does not necessarily reflect the presence of an active infection but reflects only a previous exposure to the virus (2, 21) . On the other hand, the presence of anti-HCV antibodies in conjunction with elevated ALT levels and histological evidence of chronic hepatitis better represent the features of an ongoing, clinically relevant infection (1, 3, 13, 21) . In this regard, the samples with discrepant results that were anti-HCV positive and HCV RNA negative were from patients who had normal ALT levels and hence a latent, inactive infection. The few patients (2%) who had a clinical diagnosis of type C hepatitis but who were PCR negative had borderline ALT level elevations and probably had HCV RNA concentrations below the analytical sensitivity of the AMPLICOR system (7).
We did not compare the COBAS test with nested PCR techniques because the manual AMPLICOR test, which served as the reference for the automated system in this study, had been previously extensively analyzed (8, 9, 14, 23 ).
An interesting feature of the COBAS test is the optional detection of an IC that is coamplified with the target and that serves to identify the possible presence of interfering substances that inhibit DNA polymerization, causing false-negative reactions (16) .
Inhibition occurred with 3% of all samples and was readily solved by repeat testing of frozen aliquots. This may indicate that modification or degradation of inhibitory substances occurred during storage or that inhibitors are not equally distributed throughout a sample (16) .
On the other hand, the presence of uracil-N-glycosylase (AmpErase), which destroys a dUTP-containing amplicon from previous reactions, and the use of proper precautions taken at the time of specimen preparation prevented false-positive reactions due to carryover contamination or cross contamination from positive to negative samples (11, 12) .
In this respect, an additional benefit of the COBAS system is the closed containment in which all amplification and detection steps take place. Amplification products are kept in sealed tubes that are never opened but that are pierced by the transfer tip during the detection part of the procedure. Throughout the duration of the study we assessed the robustness of the instruments and never had failures requiring external assistance. Taken together, these data suggest that the COBAS test may be a suitable system for the routine analysis of samples obtained from anti-HCV-positive individuals.
